We simulate the hadroproduction of a tt-pair in association with a bb-pair at the LHC using the PowHel program. The generated events are stored according to the Les-Houches event format. We interface those events to the PYTHIA shower Monte Carlo program, allowing for decays of massive particles, showering and hadronization, thus leading to predictions for differential distributions at the hadron level that are accurate to next-to-leading order. This is a part of a bigger project in which we have provided similar events for the following final states: (i) t +t, (ii) t +t + H/Z/W , (iii) t +t + b +b, (iv) t +t + jet.
After the discovery of a Higgs-particle at the LHC [1, 2] , measuring its couplings to the particles of the Standard Model is a prime task for the experiments. In this respect, the t-quark, being the heaviest known elementary particle plays an outstanding role. According to a recent measurement, the t-quark mass is m t = 173.5 ± 0.6 ± 0.8 GeV [3] , indicating a Yukawa coupling of the t-quark y t = 0.997 ± 0.008. Measuring this coupling directly is important also because deviation from the SM expectation could provide signal of physics beyond the SM.
A Higgs-boson of mass 125 GeV cannot decay into a tt-pair. Thus to measure the ttH coupling in a model independent way, one should study the hadroproduction of the Higgs-boson in association with a tt pair [4, 5] . According to the SM predictions, the Higgs-boson of the observed mass decays dominantly into a bb pair, so the ttH coupling can be measured in the pp → ttH → tt bb process. This process, however, has an overwhelming background from the direct QCD process pp → tt bb. In order to optimize the experimental selection of the ttH events, one needs simulation of the QCD background with high precision.
State of the art theoretical predictions for this background are available at the next-to-leading order (NLO) accuracy [6, 7, 8] . While the NLO corrections are crucial to obtain useful predictions, from the experimental point of view it is also important to estimate correctly the effects of parton showering and hadronization. This can be achieved by the matching of NLO QCD predictions to shower Monte Carlo programs (SMC). We use the POWHEG method for such a matching [9, 10] as implemented in the POWHEG-BOX [11] . In the previous EPSHEP conference we reported [12] about the PowHel framework that combines the POWHEG-BOX and the HELAC-NLO package [13] to simulate the hadroproduction of tt-pairs in association of other hard SM particles. The output of PowHel is simulated events stored according to the Les Houches accord [14] (LHE) that can be fed directly into SMC's to provide events at the hadron level. Using this framework we already provided events for several processes at the LHC [15, 16, 17, 18, 19, 20, 21] .
The technical details of our computations can be found in Ref. [21] , where we concluded that the LHE's (pre-showered events) reproduce the distributions at NLO accuracy within the expected precision. To illustrate the level of agreement, we present distributions computed at NLO accuracy as well as from the generated events for (a) the transverse momentum and (b) rapidity of the hardest b-jet in Fig. 1 . To select events, first we clustered tracks into jets with the k ⊥ -algorithm (as implemented in FastJet Ref. [22] ) using R = 0.4. A track was considered a possible jet constituent if |η track | < 5. We excluded t-quarks from the set of possible tracks. Then we employed the following selection cuts for these distributions:
1. events with invariant mass of the bb-jet pair below m min bb = 100 GeV were discarded, 2. p min ⊥, j = 20 GeV, 3. we required at least two jets, one b-and oneb-jet, with
We compare predictions at NLO accuracy and also from LHE's, both generated by PowHel, obtained using fixed and equal renormalization and factorization scales µ R = µ F = µ 0 = m t . (Our NLO predictions agree with those of Ref. [7] .) We find that for this fixed scale, the two predictions agree within the scale uncertainties (about 30 %), although those from the LHE's are about 25 % larger. This difference is rooted in the large NLO corrections (about 80 % for the fixed scale). While the distributions from LHE's also have formal NLO accuracy, these differ from the NLO predictions
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0.75 numerically because the choice of the fixed scales results in a badly converging perturbation series. We found the same feature for any other distribution. In Ref.
[8] the dynamical scale µ 2 0 = m t √ p b⊥ pb ⊥ was found more appropiate for this process, leading to smaller NLO corrections, indicating better convergence of the perturbation series. Unfortunately, this scale cannot be implemented in our computations. Instead, we made predictions with another dynamical scale, related to sum of the transverse mass m f ,⊥ = m 2 f ,⊥ + p 2 f ,⊥ of the particles in the final state,
by µ 0 = H T /4. In a leading order computation this is the arithmetic mean of the transverse masses of the final state particles. Indeed, we also found that this dynamical scale leads to much smaller NLO corrections and as a result, much better agreement between the distributions from the LHE's and those at NLO accuracy. We compare our predictions from the LHE's with this default scale to the NLO prediction of Ref. [8] in Fig. 2 . We observe remarkable agreement between these two predictions. We found similar agreement for other distributions presented in Ref. [8] . On the same figure also show the scale dependence as shaded band when the equal renormalization and factorization scales are varied in the range [µ 0 /2, 2µ 0 ]. We adopt the dynamical scale µ 0 = H T /4 in our further analysis when we make predictions at the hadron level.
Feeding the LHE's into the SMC's enables us to make predictions not only at the hadron level. In addition to the distributions discussed above (at (i) NLO accuracy, and (ii) from the pre-showered POWHEG simulation referred to LHE's, formally at the NLO accuracy), we can make predictions (iii) after decay of the heavy particles, and (iv) at the hadron level after full SMC. For experimental analyses the last option is the most useful. For examining the effect of the different stages in the evolution, it is useful to study the predictions at intermediate stages. dσ dp We use PYTHIA-6.4.26 [23] for studying the effect of the shower and hadronization. We set the masses of heavy bosons in PYTHIA to be the same as in PowHel. We switched off the contribution of photon emission from leptons, multiple interactions and enforced B-hadron stability. All other particles and hadrons were assumed to be stable or decay according to the PYTHIA default implementation.
We have generated pre-showered events at collider energy √ s = 8 TeV, with t-quarks of mass m t = 173.2 GeV, and at equal renormalization and factorization scales µ R = µ F = µ 0 = H T /4. Of course, the SMC changes the particle content significantly, and thus the effect of selection cuts, too. In order to compare distributions from the same set of events, we select LHE's similarly as above. First we clustered tracks into jets with the anti-k ⊥ -algorithm (as implemented in FastJet Ref. [22] ) using R = 0.4. A track was considered a possible jet constituent if |η track | < 5. We excluded t-quarks from the set of possible tracks. Then we employed the following selection cuts for these distributions:
1. events with invariant mass of the bb-jet pair below m min bb = 100 GeV were discarded, 2. p min ⊥, j = 25 GeV, 3. we required at least two jets, one b-and oneb-jet, with |η b (b) | < 2.5.
Then we let the heavy particles decay and produced distributions at this stage. We compare those to distributions obtained from the same set of events after full SMC, employing the cuts p min ⊥, j = 25 GeV, and |η j | < 2.5 also on the jets clustered from particles available at the two stages, using the anti-k ⊥ -algorithm with R = 0.4. Such comparison is shown in Fig. 3 for the hardest and second hardest bb-jet pairs for the distributions of the invariant masses and separation in pseudorapidityazimuthal angle plane. We see that the effect of SMC is small on the hardest pairs that more likely originate in the hard scattering. In fact it is negligible for the ∆R bb -separation and also for the invariant mass in the region [100,150] GeV, interesting for Higgs studies. For other jet pairs however, the effect of the shower can be larger. It is fairly uniform decrease of about 25 % in the ∆R bb -separation, and a significant softening in the invariant mass distribution. This feature is quite general: the effect of the SMC is small on angular variables, but there is a sizeable softening of transverse momentum distributions.
t tbar b bbar production at NLO accuracy matched with parton shower Zoltán TRÓCSÁNYI dσ dp With this tool one can also study kinematic distributions of leptons. In Fig. 4 .a we show the distribution of the transverse momentum of the positively charged isolated leptons and in Fig. 4 .b the distribution of the separation between the hardest isolated positron and muon in the pseudorapidityazimuthal angle. For these (and other) distibutions of leptons the effect of the shower is small as expected. (However, the selection cuts if applied on hadrons instead of LHE's can change the cross sections significantly.) This is a part of a bigger project with the aim of providing event files produced by PowHel
